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DEPLOYMENT LOADS DATA FROM A FREE -FLIGHT INVESTIGATION 
OF ALL- FLEXIBLE PARAWINGS AT SMALL SCALE 

By Delwin R. Croom 
Langley Research Center 

SUMMARY 

A free-flight investigation of all -flexible parawings was made at the Joint Parachute 
Test Facility, El Centro, California, under NASA contract NAS 1-7467. This paper pre- 
sents without discussion the free-flight deployment loads data that were obtained under this 
contract on single-keel and twin-keel parawings with wing areas of 37.16 m^ (400 sq ft). 
These data are presented in the form of time histories of individual suspension-line loads, 
reefing-line loads, and total loads. 


INTRODUCTION 

The NASA has been investigating all -flexible fabric wings to define and evaluate 
their performance stability, control, and deployment characteristics. References 1 to 6 
report the results of wind-tunnel investigations of several single -keel and twin-keel para- 
wing configurations. Reference 7 reports the highlights of a wind-tunnel and free-flight 
investigation of all-flexible parawings at small scale that was obtained under NASA con- 
tract NAS 1-7467. 

The purpose of the present paper is to document all the free-flight deployment loads 
data obtained under contract NAS 1-7467 on parawings having wing areas of 37.16 m^ 

(400 sq ft) . These data are presented without discussion and are in the form of time 
histories of individual suspension-line loads, reefing-line loads, and total loads. 

SYMBOLS 

Measurements were taken in the U.S. Customary System of Units. Values are 
indicated both in the International System (SI) and in the U.S. Customary System of units. 

ajj,ay,a 2 ; longitudinal, lateral, and vertical accelerations, respectively, g units 
^o 


parawing flat-pattern span, m (in.) 



Cp^ total force coefficient, Ft/qS 

F force, N (lb) 

F^. total force, N (lb) 

h altitude above mean sea level, m (ft) 

hpp altitude above mean sea level at programer parachute disconnect, m (ft) 

lk,^ie flat-pattern length of keel and leading edge, respectively, m (in.) 

lx effective reefing-line length, including end attachments for noncontinuous 

reefing lines, m (in.) 

Ixfl'k effective reefing ratio 

q dynamic pressure, N/m^ (Ib/ft^) 

qpD dynamic pressure at programer parachute disconnect, N/m^ (lb/ft2) 

S flat-pattern parawing area, m2 (ft2) (0.691481^^ for single-keel wings; 

0. 77261 for twin-keel wings) 

^PD’^LS’^IDR’ time in seconds after launch for events of programer parachute 
^2DR’^3DR’^LT disconnect, line stretch, first disreef, second disreef, third 

disreef , and line transfer, respectively 

V velocity, m/sec (ft/sec) 

Wd descent weight, N (lb) 

Wp suspended weight, N (lb) 

x,y,z body axes 

Xk,Xie,Xj-e distance along keel, leading edge, and trailing edge, respectively, m (in.) 

y flight-path angle, measured positive downward from horizontal, deg 
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Suspension-line designation: 

le,te,k leading edge, trailing edge, and keel line, respectively. Prefixes L and R 
indicate left side and right side, and numbers 1 to 12 indicate the canopy 
attachment location 


Reefing-line designation: 
For single -keel parawing: 


Ir 

reefing line around right lobe 

2r 

reefing line along keel 

3r 

reefing line along trailing edge 

For twin- 

-keel parawing: 

er 

reefing line around center lobe 

Lr 

reefing line around left lobe 

Rr 

reefing line around right lobe 

ter 

reefing line along trailing edge 


DESCRIPTION OF PARA WINGS 

Flat-pattern planform drawings of the single-keel and twin-keel parawings are 
shown in figures 1 and 2, respectively. The model dimensions and suspension-line - 
attachment locations are also shown in these figures. Figures 3 to 5 show construction 
details and materials used in construction of the parawings. Measured preflight 
suspension-line lengths for each test are given in tables I and II for the single -keel and 
twin-keel parawings, respectively. 

PARAWING REEFING SYSTEM 
General 

A parawing deployment program was conducted in the Langley full-scale wind 
tunnel (reported in ref. 7) to provide information relevant to the design of a hypothetical 
full-scale parawing^ recovery system for a 66 720 N (15 000 lb) spacecraft with the fol- 
lowing deployment requirements: 

(a) Deployment altitude range of 915 to 5485 meters (3000 to 18 000 ft) 

(b) Dynamic pressure at deployment initiation of 1436 to 4788 N/m^ (30 to 

100 lb/ft2) 

(c) The maximum load imparted to the payload under any deployment condition not 

to exceed 3g including the Ig gravitational force. 
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It was determined from the wind-tunnel results that a multistep drag-area capability 
would be necessary to meet the foregoing deployment requirements. The reefing systems 
selected for the single-keel and the twin-keel parawing free-flight deplo 3 nment tests are 
described in the following paragraphs. 

Single-keel reefing system .- All suspension lines were shortened in stage 1 to the 
length of the shortest suspension line (the wing -tip lines). Making all suspension lines 
the same length eliminated loose lines which could become entangled during the deploy- 
ment process. It also prevented damage to the keel suspension lines from abrasion 
against the skirt reinforcing band of the wing. 

The canopy was reefed into two lobes by gathering the trailing edges and routing 
the single-stage reefing lines around the leading edges, trailing edges, and each side of 
the keel. Figure 6 shows a view of the canopy from below during stage 1. As can be 
seen, two lobes are formed, the keel forming the partition between the lobes. For a 
range of reefing-line ratios from approximately 0.15 to 0.25, the drag coefficient 

of the fully inflated reefed wing was relatively constant. (See ref. 7.) The ability to vary 
the reefing-line length without varying the steady-state drag coefficient is desirable in 
that it allows the first-stage filling time to be varied without reducing the first-stage drag 
coefficient. 

Stage 2 was the same as stage 1, except that the length of the reefing lines was 
increased to give a higher drag coefficient by means of the first-stage reefing cutters. 
Figure 6 shows a view of the canopy from below during second stage. 

For stage 3 the leading-edge and keel reefing lines were severed by the second- 
stage reefing cutters; as a result, all the suspension lines were left equal in length and 
the trailing edges were still gathered. Figure 6 shows the appearance of the third stage 
from below. The gathering of the trailing edges is evident, as shown by the rounded shape 
of the trailing-edge part of the canopy. The trailing edges were gathered by routing a 
line through reefing rings from wing tip to wing tip and then pulling the line taut. This 
reefing method brought each wing tip up next to the keel and gathered all the trailing- 
edge skirt band between the wing tips. In this stage the wing made the transition from a 
parachute-like drag device to a gliding wing. The glide direction during this stage was 
rearward. 

For stage 4 the trailing-edge gathering line was released by the third-stage reefing 
cutters and the wing was allowed to inflate fully. The wing continued to glide rearward 
during this stage. Figure 6 shows a view of the canopy from below during fourth stage. 
The suspension lines along the trailing edge were needed to provide stable canopy infla- 
tion and flight stability during the fourth reefed stage. 
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For stage 5 the foreshortened suspension lines were released by a swing arm to go 
to the correct lengths for gliding flight. After the change in suspension-line lengths, the 
wing underwent a transition to forward gliding flight. The trailing-edge lines were 
lengthened sufficiently to become slack during the gliding phase. 

Twin-keel reefing system .- For stage 1 all suspension lines were shortened to the 
length of the shortest (tip) line. This shortening was done for the reason previously dis- 
cussed for the single-keel reefing system. The wing surface was reefed into three lobes 
by use of a reefing line around the periphery of each section of the wing (that is, the cen- 
ter and two side panels) and by gathering the trailing edges. This reefing method pro- 
vided three separate inlets through which air entered for inflation. The inlets were 
separated from each other by the keels. Figure 7 shows a view of the canopy from below 
during stage 1. The variation of drag coefficient with reefing-line ratio was the same for 
both the twin- and single-keel wings. (See ref. 7.) As previously stated in the discussion 
of the single-keel reefing system, the relatively constant drag coefficient over a range of 
reefing-line ratios allowed control of filling time and still provided a stable inflated 
shape; thereby control of the opening forces experienced during stage 1 was allowed and 
sufficient drag area was provided to give a relatively low terminal velocity for the first 
reefed stage. 

For stage 2 the reefing lines in the side panels of the wing were severed by the 
first-stage reefing cutters; as a result, the leading edges of the side panels were allowed 
to inflate fully. The center lobe remained reefed as in the first stage. The resulting 
inflated planform is shown in figure 7. This stage continued to act as a drag device 
similar to a parachute. 

For stage 3 the center-section reefing line was severed by the second-stage 
reefing cutter. The wing planform in this stage is shown in figure 7. The trailing edges 
remained gathered as described for the single-keel reefing system. During this stage 
the wing went into rearward gliding flight. 

For stage 4 the trailing-edge gathering line was severed and the wing was allowed 
to inflate fully. The wing underwent a transition to forward gliding flight in this stage. 

For stage 5 thi; suspension lines were released to their gliding flight lengths and 
the wing made a transition to gliding flight. 

Modifications to Initial Reefing System 

The first deployment test of each of the single-keel and the twin-keel designs was 
made with the reefing system selected from the full-scale wind-tunnel investigations 
(reported in ref. 7); however, as the flight program progressed, changes in the reefing 
system were found to be necessary for various reasons. The following paragraphs 
describe the various versions of the reefing systems that were flight tested. 
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Single-keel reefing system, version 1 .- In stage 1 all suspension lines were rigged 
to a length equal to the length of the tip suspension lines. The trailing edges were gath- 
ered and a two-stage reefing line was routed around each side of the wing. The extra 
length of the second-stage reefing line was stored in a long loop as shown in figure 8. 

The reefing lines ran along the keel and the leading edges to form two separate lobes. 

Figure 8 shows the layout of the reefii^ lines with the wing reefed for the first 
stage. The disreef sequence was as follows: 

(1) First-stage reefing line cut to allow inflation to the limits of the second-stage 

reefing lines 

(2) Second-stage reefing lines cut to free the leading edges and keel 

(3) Trailing-edge gathering line cut to allow full inflation of the canopy 

(4) Suspension lines released to flyii^ configuration lengths. 

Single-keel reefing system, version II .- In stage 1 all suspension lines were rigged 
to a length equal to the length of the tip suspension lines. The trailing edges were 
gathered, the keel was gathered by attachment of the reefing line to the front keel-line- 
attachment loop (see fig. 9), and single-stage reefing lines were run along each leading 
edge to form two separate lobes. 

Figure 9 shows the layout of the reefir^ lines with the wing reefed for first stage. 
The disreef sequence was as follows: 

(1) First-stage reefing lines cut to free leading edges of the wing (keel and trailing 

edges remained constrained) 

(2) Second-stage reefing lines cut to free the keel 

(3) Trailing-edge gathering line cut to allow full inflation of the canopy 

(4) Suspension lines released to flying configuration lengths. 

Single -keel reefing system, version ni. - In stage 1 all suspension lines were rigged 
to a length equal to the length of the tip suspension lines. The left and right lobes were 
reefed separately with a single-stage reefing line. The trailing edges were gathered by 
a reefing line attached to each tip line attachment loop. The keel and leading edge from 
the front end of the keel to the second leading-edge suspension line on each side were 
gathered. Reefing lines were run from the second leading-edge line through the reefing 
ring at the tip suspension line on each side of the canopy and terminated at the aft keel 
suspension line. Figure 10 shows the layout of the reefing lines with the wing reefed for 
first stage. The disreef sequence was as follows: 

(1) The first-stage reefing lines cut by the first-stage cutter to allow the leading 
edges from the second suspension line to the tip to inflate on each side (the 
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leading edges from the front end of the keel to the second suspension line on 
each side, the keel, and the trailing edges remained constrained) 

(2) Second-stage reefing lines cut by the second-stage cutter to release the leading 

edges and keel 

(3) Trailii^-edge gathering line released by the third-stage cutters to allow full 

inflation of the canopy 

(4) Suspension lines released by the swing arm to the flying configuration lengths. 

Twin-keel reefing system, version I .- In stage 1 all suspension lines were rigged to 
a length equal to the length of the tip suspension lines. The trailing edges were gathered 
by a reefing line attached to the two wing tips, and three separate single-stage reefii^ 
lines were routed around the leading edges and keels to form three separate lobes. Fig- 
ure 11 shows the layout of the reefing lines for stage 1. The disreef sequence was as 
follows: 

(1) First-stage reefing lines cut by the first-stage cutter to free the leading edges 

of the two outboard lobes; the center lobe remained reefed 

(2) The second-stage reefing line cut by the second-stage cutter to free the leading 

edge and keels of the center lobe 

(3) Trailing-edge gathering line cut by the third-stage cutter to allow the canopy to 

inflate completely 

(4) Suspension lines released by the swing arm to the flying configuration lengths. 

Twin-keel reefing system, version II .- In stage 1, the reefing system was the same 
as that used in reefing version I. The difference between reefing versions I and II was 
in the disreef sequence. The disreef sequence for reefing version II was as follows; 

(1) First-stage reefing lines cut to free the leading edges of the two outboard lobes; 

the keel and trailing edges remained constrained 

(2) The second-stage reefing line was cut to free the leading edge and keels of the 

center lobe 

(3) Suspension lines released to flying configuration lengths 

(4) Trailing-edge gathering line cut to allow the canopy to inflate completely. 

TEST VEHICLE AND INSTRUMENTATION 

A bomb-type test vehicle was used in the reefed deployment tests at El Centro, 
California. It consisted of a cylindrical structure with a flared external aft section and 
a removable conical nose. The vehicle was designed for launch from either a C-130 or 
a B-66 carrier aircraft. Launches from a C-130 were made from the rear of the cargo 
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compartment with the aid of an inclined ramp. B-66 launches were made from the bomb 
bay by use of launch lugs mounted on the center line of the test vehicle. Large variations 
in vehicle weight were obtained by attaching ballast bars externally. Smaller adjustments 
were made by adding lead shot to ballast compartments in the vehicle nose. The vehicle 
contained a compartment in the aft end to accommodate the packed parawing, programer 
parachute, pyrotechnically operated programer parachute disconnects, high-speed 
motion-picture camera, and system safety switches. The forward section of the test 
vehicle contained a telemetry (TM) and sequencer module. By removing the vehicle 
nose, the sequencer and TM module could be extracted for checkout and resetting. A 
schematic of the bomb-type test-vehicle external envelope is shown in figure 12. 

Instrumentation used in the deployment tests included a total load link which mea- 
sured the total loads applied to the test vehicle by the parawing model, linear accelerom- 
eters to measure acceleration felt by the test vehicle along the three vehicle body axes, 
and load links to measure individual suspension-line loads. A schematic of the load 
links is included in figure 12 to show where they were located. In certain of the tests, 
reefing-line load links were mounted in the parawing model and their output read in lieu 
of the output from certain of the accelerometers. Table in is a summary of the onboard 
data measurements for each test. The information measured by the different sensors was 
telemetered to a ground receiving station and recorded on magnetic tape. 

In addition to the telemetered information, an onboard camera recorded the para- 
wing deployment and opening section of the flight. Air-to-air and ground-to-air motion- 
picture coverage of the flight was also obtained. These films were used in conjunction 
with the TM and onboard camera data to obtain event times plus qualitative information on 
parawing deployment and inflation behavior. Trajectory parameters such as dynamic 
pressure, flight-path angle, and so forth, were obtained from Askania phototheodolite 
space measurements. These Askania data were corrected for winds. 

TEST PROCEDURE 

A programer parachute was used to bring the test vehicle to a proper dynamic 
pressure and near-vertical flight -path ar^le prior to deployment of the parawing test 
model. A typical test began with deployment of the programer parachute by a static 
line upon launch from the drop aircraft. After a predetermined time interval required 
to achieve the desired test conditions, an onboard electronic sequencer actuated pyro- 
technic devices which disconnected the programer parachute. The disconnected pro- 
gramer parachute, in turn, deployed the parawing. Figure 13 illustrates a typical test 
sequence. 
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Single-Keel Parawing Deployment Tests 


The first two deployment tests with the single-keel parawing were verification tests 
at El Mirage Dry Lake and test 104S at El Centro. The reefing method used for these 
tests was the single-keel reefing version I. During both of these tests, a mechanical 
problem was encountered in deploying the stowed part of the second-stage reefing lines. 
Subsequent bench tests showed that the first-stage reefing line was being inadvertently 
locked in place by the bunching of reefing rings along the keel. This arrangement pre- 
vented reefing-line payout when the reefing-line cutters fired. To solve this problem, 
reefing version II was devised. 

Tests 102S and 103S were conducted with reefing version n. This reefing method 
gave satisfactory operation except that the second- and third-stage opening loads were not 
balanced. The second-stage loads were higher than desired, and the third-stage loads 
were lower than the maximum allowable. Therefore, reefing version IH was adopted 
and employed in tests 10 IS and lOOS. Although this reefing method was marginally suc- 
cessful in reducing the second-stage loads, there was an unacceptable increase in third- 
stage loads. Also, reefing version in produced a longitudinal pitch oscillation during the 
second stage. With this method of reefing, the two lobes formed during stage 2 could 
inflate unsymmetrically. This asymmetric inflation in turn induced a spin and attendant 
problems in the transition to stage 3 of the reefing sequence. Therefore, this reefing 
version was abandoned and version n was used for the remainder of the single-keel 
deployment tests. 


Twin-Keel Parawing Deployment Tests 

The first twin-keel deployment test was conducted at the El Mirage Dry Lake test 
site to verify proper functioning of the reefing system. For this test, twin-keel reefing 
version I was used. During this test, two anomalies were noted. The first was an aero- 
d 3 mamic stability problem. During fourth stage the wing attempted to glide forward at 
a low angle of attack that caused the nose to collapse. It appeared that canopy inversion 
or, at best, extremely unstable canopy inflation would occur by using the version I 
fourth-stage configuration. The second anomaly was attributed to a misrigging of the 
line-transfer mechanism which prevented suspension-line transfer on one side of the 
wing. Otherwise, inflation behavior and functioning of the reefing system was satisfactory 
for the first three stages of reefing. 

Because of the instability during stage 4 with reefing version I, reefing version II 
was used for subsequent test 102T and 104T. Reefing version II was identical to reefing 
version I, except that the times of activation for stage 4 and line transfer were inter- 
changed. The intent was to achieve stability during the fourth stage of the reefing 
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sequence. During test 102T, however, stage 4 and line transfer occurred so close 
together that the stability during stage 4 could not be evaluated. 

During test 104T, using reefing version n, staging occurred at the planned time 
intervals; however, this reefing configuration was unstable during the fourth stage. To 
solve this problem, reefing version I was reinstated with the addition of trailing-edge 
lines on the outer lobes to stabilize canopy inflation during stage 4. This reefing method 
was used successfully for all the remaining twin-keel deployment tests. 

REDUCTION OF DATA 

The altitude, flight-path angle, and velocity relative to the ground were obtained 
from the phototheodolite tracking data. The movement of the ambient air relative to the 
ground and the atmospheric density were obtained by rawinsonde balloons. Wind cor- 
rections were applied to the velocity and dynamic pressures. 

Onboard instrumentation provided force measurements which, when telemetered to 
the ground receiving station, were recorded on magnetic tape as a force time history of 
the flight. 

In the data- reduction process, the analog data on the magnetic tapes were con- 
verted to a. digital tape. The digital tape was then processed to convert the data to 
engineering units and then into coefficient form. 

PRESENTATION OF DATA 

The free -flight deployment loads data on parawings having wing areas of 37.16 m^ 
(400 sq ft) that were obtained under NASA contract NAS 1-7467 are presented without 
discussion. These data are presented in figures 14 to 29 as time histories of individual 
suspension-line loads, reefing-line loads, and total loads. A detail listing of each com- 
ponent measured is given in table in and a summary of the test conditions and event times 
with comments on the tests extracted from reference 7 are given in table IV for the 
single-keel configuration and in table V for the twin-keel configuration. 

CONCLUDING REMARKS 

The free-f light deployment loads data obtained under NASA contract NAS 1-7467 
for single -keel and twin-keel parawings with wing areas of 37.16 m^ (400 sq ft) are 
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presented without discussion. These data are in the form of time histories of individual 
suspension-line loads, reefing-line loads, and total loads. 


Langley Research Center, 

National Aeronautics and Space Administration, 
Hampton, Va., June 1, 1971. 
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TABLE L- DEPLOYMENT TEST PREFLIGHT SUSPENSION-LINE LENGTHS FOR SINGLE-KEEL PARAWING 


CO 

I> 

o 
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TABLE n.- DEPLOYMENT TEST PRE FLIGHT SUSPENSION-UNE LENGTHS FOR TWIN-KEEL PARAWING 


(a) Lengths in meters (b) Lengths in inches 


Line , 


Suspension-line lengths for test 

- 


lOOT 

lOlT 

102T 

103T 

104T 

105T 

106T 

107T 

Llel 

6.297 

6.366 

6.502 

6.447 

6 

439 

6.601 

6.338 

6.449 

He2 

6.157 

6.256 

6.267 

6.299 

6 

255 

6.462 

6.255 

6.309 

Lle3 

6.020 

6.129 

6.217 

6.167 

6 

414 

6.325 

6.123 

6.172 

He4 

5.707 

5.617 

5.817 

5.855 

5 

817 

6.012 

5.817 

5.860 

Lies 

5.116 

5.342 

5.423 

5.398 

5 

398 

5.560 

5.340 

5.245 

Lle6 

4.356 

4.356 

4.343 

3.912 

4 

343 

4.369 

4.356 

4.356 

Ltel 

7.290 

7.442 

— 

7.468 

- 

--- 

7.239 

7.442 

7.442 

Lte2 

7.290 

7.442 

— 

7.442 

- 

--- 

7.264 

7.442 

7.442 

Lte3 

6.350 

6.515 

— 

6.502 

- 

--- 

6.318 

6.515 

6.502 

Lkl 

6.609 

6.663 

6.775 

6.761 

6 

756 

6.914 

6.687 

6.761 

Lk2 

6.713 

6,744 

6.737 

6.353 

6 

744 

7.018 

6.744 

6.863 

Lk3 

6.67S 

6.713 

6.706 

6.807 

6 

712 

6.982 

6.712 

6.830 

Lk4 

6.609 

6.650 

6.648 

6.731 

6 

648 

6.914 

6.648 

6.761 

LkS 

6.609 

6.655 

6.655 

6.726 

6 

655 

6.914 

6.655 

6.761 

Lk6 

6.609 

6.650 

6.655 

6.726 

6 

648 

6.914 

6.648 

6.761 

Lk7 

6.566 

6.579 

6.648 

6.688 

6 

668 

6.345 

6.579 

6.693 

LkS 

6.541 

6.536 

6.572 

6.680 

6 

535 

6.845 

6.458 

6.693 

Lk9 

6.505 

6.541 

6.553 

6.662 

6 

541 

6.810 

6.541 

6.657 

LklO 

6.434 

6.472 

6.543 

6.591 

6 

471 

6.739 

6.471 

6.586 

Lkll 

6.297 

6.325 

6.318 

6.459 

6 

325 

6.601 

6.096 

6.449 

Lkl2 

6.299 

6.350 

6.712 

6.624 

6 

623 

6.601 

6.350 

6.449 

Rkl 

6.609 

6.688 

6.706 

6.756 

6 

687 

6.914 

6.687 

6.761 

Rk2 

6.713 

6.731 

6.756 

6.858 

6 

731 

7.023 

6.731 

6.866 

Rk3 

6.673 

6.693 

6.699 

6.820 

6 

693 

6.982 

6.693 

6.830 

Rk4 . 

6.609 

6.642 

6.629 

6.769 

6 

642 

6.914 

6.642 

6.761 

RkS 

6.609 

6.650 

6.642 

6.756 

6 

642 

6.914 

6.648 

6.761 

Rk6 

6.609 

6.642 

6.642 

6.756 

6 

642 

6.914 

6.642 

6.761 

Rk7 

6.566 

6.579 

6.579 

6.693 

6 

579 

6.845 

6.579 

6.693 

RkS 

6.542 

6.586 

6.566 

6.706 

6 

585 

6.845 

6.585 

6.693 

RkS 

6.505 

6.553 

6.541 

6.655 

6 

553 

6.810 

6.553 

6.657 

RklO 

6.434 

6.464 

6.471 

6.591 

6 

.464 

6.739 

6.464 

6.586 

Rkll 

6.297 

6.320 

6.331 

6.434 

6 

318 

6.601 

6.318 

6.436 

Rkl2 

6.299 

6.350 

6.604 

6.629 

6 

585 

6.601 

6.350 

6.449 

Riel 

6.297 

6.388 

6.490 

6;464 

5 

474 

6.601 

5.474 

6.449 

Rle2 

6.157 

6.256 

6.261 

Lb.299 

6 

255 

6.462 

6.255 

6.309 

Rle3 

6.020 

6.129 

6.121 

6.172 

6 

123 

6.325 

6.123 

6.172 

Rle4 

5.707 

5.804 

5.779 

5.842 

5 

804 

6.012 

5.804 

5.860 

RleS 

5.11S 

5.342 

5.359 

5.392 

5 

804 

5.560 

5.804 

5.245 

Rle6 

4.356 

4.356 

4.343 

3.924 

4 

.343 

4.369 

4.356 

4.356 

Rtel 

7.290 

7.442 

— 

7.455 

- 

--- 

7.252 

7.442 

7.442 

Rte2 

7.290 

7.442 

— 

7.442 

- 

— 

7.252 

7.442 

7.442 

Rte3 

6.350 

— 

— 

6.502 

- 

— 

7.233 

6.515 

6.502 


Line 



Suspension-line lengths for test - 


lOOT 

lOlT 

102T 

103T 

104T 

105T 

106T 

107T 

Llel 

247.9 

251.5 

256.0 

253.8 

253.5 

259.9 

251.5 

253.9 

Lle2 

242.4 

246.3 

246.75 

248.0 

246.25 

254.4 

246.25 

248.4 

Lle3 

237.0 

241.3 

244.75 

242.8 

252.5 

249.0 

241.25 

243.0 

Lle4 

224.7 

229.0 

229.0 

230.5 

229.0 

236.7 

229.0 

230.7 

Lies 

201.5 

210.3 

213.5 

212.5 

212.5 

218.9 

210.25 

206.5 

Lle6 

171.5 

171.5 

171.0 

154.0 

171.0 

172.0 

171.5 

171.5 

Ltel 

287.0 

293.0 


294.0 


285.0 

293.0 

293.0 

Lte2 

287.0 

293.0 


293.0 


286.0 

293.0 

293.0 

Lte3 

Lkl 

250.0 

260.2 

256.5 

263.3 

266.75 

256.0 

266.2 

266.0 

248.75 

272.2 

256.5 

263.25 

256.0 

266.2 

Lk2 

264.3 

265.5 

265.25 

269.8 

265.5 

276.3 

265.5 

270.2 

Lk3 

262.9 

264.3 

264.0 

268.0 

264.25 

274.9 

264.25 

268.9 

Lk4 

260.2 

261.8 

261.75 

265.0 

261.75 

272.2 

261.75 

266.2 

LkS 

260.2 

262.0 

262.0 

264.8 

262.0 

272.2 

262.0 

266.2 

Lk6 

260.2 

261.8 

262.0 

264.8 

261.75 

272.2 

261.75 

266.2 

Lk7 

258.5 

259.0 

261.75 

263.3 

262.5 

269.5 

259.0 

263.5 

LkS 

257.5 

259.3 

258.75 

263.0 

259.25 

269.5 

254.25 

263.5 

Lk9 

256.1 

257.5 

258.0 

262.3 

257.5 

268.1 

257.5 

262.1 

LklO 

253.3 

254.8 

254.25 

259.5 

254.75 

265.3 

254.75 

259.3 

Lkll 

247.9 

249.0 

248.75 

254.3 

249.0 

259.9 

240.0 

253.9 

Lkl2 

248.0 

250.0 

264.25 

260.8 

260.75 

259.9 

250.0 

253.9 

Rkl 

260.2 

263.3 

264,0 

266.0 

263.25 

272.2 

263.25 

266.2 

Rk2 

264.3 

265.0 

266.0 

270.0 

265.0 

276.5 

265.0 

270.3 

Rk3 

262.9 

263.5 

263.75 

268.5 

263.5 

274.9 

263.5 

268.9 

Rk4 

260.2 

261.5 

261.0 

266.5 

261.5 

272.2 

261.5 

266.2 

RkS 

260.2 

261.8 

261.5 

266.0 

261.75 

272.2 

261.75 

266.2 

Rk6 

260.2 

261.5 

261.5 

266.0 

261.5 

272.2 

261.5 

266.2 

Rk7 

258.5 

259.0 

259.0 

263.5 

259.0 

269.5 

259.0 

263.5 

Rk8 

257.5 

259.3 

258.5 

264.0 

259.25 

269.5 

259.25 

263.5 

Rk9 

256.1 

258.0 

257.5 

262.0 

258.0 

268.1 

258.0 

262.1 

RklO 

253.3 

254.5 

254.75 

259.5 

254.5 

265.3 

254.5 

259.3 

Rkll 

247.9 

248.8 

249.25 

253.3 

248.75 

259.9 

248.75 

253.4 

Rkl2 

248.0 

250.0 

260.0 

261.0 

259.25 

259.9 

250.0 

253.9 

Riel 

247.9 

251.5 

255.5 

254.5 

215.5 

259.5 

251.5 

253.9 

RIe2 

242.4 

246.3 

246.5 

248.0 

246.25 

254.4 

246.25 

248.4 

RIe3 

237.0 

241.3 

241.0 

243.0 

241.25 

249.0 

241.25 

254.0 

Rle4 

224.7 

228.5 

227.5 

230.0 

228.5 

236.7 

228.5 

230.7 

RleS 

201.5 

210.3 

211.0 

212.3 

210.25 

218.9 

210.25 

206.5 

Rle6 

171.5 

171.5 

171.0 

154.5 

171.0 

172.0 

171.5 

171.5 

Rtel 

Rte2 

287.0 

287.0 

293.0 

293.0 


293.5 

293.0 


285.5 

285.5 

293.0 

293.0 

293.0 

293.0 

Rte3 

250.0 

256.5 


256.0 


284.75 

256.5 

256.0 
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TABLE in.- INSTRUMENTATION SUMMARY 
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*See figures 9 and 10 for location of reefing line. 
**Second-stage reefing line on right and left lobe instrumented. 




TABLE IV.- TEST CONDITIONS, EVENT TIMES, AND COMMENTS FOR SINGLE-KEEL PARAWING TESTS 


Test 

Test 

Data 

Programer parachute 
disconnect conditions 

Suspended 

weight 

Descent 

weight 

Reefii^ 

h/ik 

Event times, seconds after launch 

Comments* 




q, M/m2 

q, lb/ft2 

h, m 

h, ft 

Wp,N 

Wp, lb 

Wd,N 

Wn.lb 


*^PD 

^LS 

‘iDR 

*2DR 

‘3DR 

^LT 

loos 

5 

14 

1723.7 

36.0 

4082 

13 394 

793.4 

178.4 

937.9 

210.8 

111 

0.120 

26,87 

27.75 

30.25 

32.96 

36.48 

39.27 

Second-stage inflated shape was unsym- 
metrical and system went into spin 
during second stage. First-stage total 
load data invalid because of peak 
induced by oscillating instrumenta- 
tion pack^e. 

lOlS 

4 

15 

1757.2 

36.7 

4075 

13 370 

797.2 

179.2 

934.1 

210.0 

nr 

.116 

26.27 

27.13 

,29.69 

32.57 

36.26 

38.94 

All stages ftmcAioned properly. 

102S 

2 

16 

1584.8 

33.1 

1004 

3 294 

1007.5 

226.5 

1141.1 

257.2 

n 

.156 

27.39 

38.09 

30.66 

33.96 

37.18 

39.45 

Rear keel line momentarily hung up at 
line transfer. Reefing system func- 
tion was satisfactory. 

103S 

3 

17 

2183.3 

45.6 

931 

3 055 

971.4 

218.5 

1112.1 

250 

E 

.141 

24.13 

24.92 

27.47 

30.34 

34.29 

36.71 

Suspension line Llel did not release at 
line transfer because of cutter mal- 
function. Reefing stages prior to line 
transfer functioned properly. 

104S 

1 

18 

2355.7 

49.2 

986 

3 236 

983.1 

221 

1124.5 

2S2.8 

I 

.201 

10.22 

11.10 


16.45 

20.39 

22.85 

Second stage did not occur because of 
reefing line lockup. Validity of 
ASKA^ data doubtful. 

105S 

7 

19 

2063.6 

43.1 

1024 

3 361 

991.1 

222.8 

1138.3 

255.9 

n 

.120 

24.08 

24.86 

26.98 

29.93 

34.39 

36.67 

Apparently good flight. 

106S 

6 

20 

3786.2 

78.7 

5778 

18 956 

2088.4 

469.5 

2225.4 

500.3 

n 

.116 

29.57 

29.96 

35.33 

40.06 

41.39 

44.85 

First-stage inflation O.K. Bomb went into 
flat spin during first stage after inflation. 
Spin damped out at second-stage opening. 
Lines twisted because of spin. Line load 
data after stage 1 not valid because of 
twisted line. 

107S 

8 

21 

4122.5 

86.1 

5965 

19 570 

2059.1 

462.9 



2197.0 

^3.9 

n 

.116 

26.93 

27.44 

32.71 

36.18 

38.80 

42.42 

Deployment sequence was normal. 


*These comments taken from reference 7. 


TABLE V.- TEST CONDITIONS, EVENT TIMES, AND COMMENTS FOR TWIN-KEEL PARAWING TESTS 


Test 

Test 

Data 

Programer parachute 
disconnect conditions 

Suspended 

weight 

Des 

wei( 

:ent 

5ht 

Reefing 


Event times, seconds after launch 


sequence 

figure 

q, H/m2 

q, lb/ft2 

h, m 

h, ft 

Wp,N 

Wp, lb 

Wd,N 

Wo.lb 

version 


tpD 

*LS 

‘iDR 

*2DR 

•SDR 

*LT 


lOOT 

5 

22 

1695.0 

35.4 

3362 

11 030 

795.6 

178.9 

962.3 

216.3 

t 

0.167 

Z6A2 

27.26 

29.64 

32.61 

36.17 

39.13 

All stages occurred as planned. Oscilla- 
tion of instrumentation mass induced 
high peaks in first-stage total load. 

lOlT 

4 

23 

1747.6 

36.5 

4037 

13 245 

798.7 

179.6 

953.7 

214.4 

I 

.156 

25.97 

26.86 

29.61 

32.34 

36.79 

38.97 

All stages functioned properly. 

102T 

1 

24 

7181.1 

37.2 

1222 

4 010 

975.5 

219.3 

1130.7 

254.2 

Q 

.219 

27.30 

28.03 

31.31 

33.30 

37.38 

36.36 

Stages 1, 2, and 3 functioned properly. 
Stage 4 and stage 5 occurred so close 
together that it was not possible to 
evaluate functioning of stage 4. 

103T 

3 

25 

2183.3 

45.6 

997 

3 272 

976.6 

219,6 

1129,9 

254 

I 

.167 

24.07 

24.86 

27.09 

30.51 

33.70 

42.49 

All stages functioned properly. 

104T 

2 

26 

2700.4 

56.4 

864 

2 835 

967 

217.4 

1130,7 

254.2 

n 

.219 

23.93 

24.70 

26.17 

30.17 

36.65 

33.72 

Stages 1, 2, and 3 functicmed properly. 
Stage 4 inflation was unstable. Suspen- 
sion line Llel did not release at line 
transfer because of tight retention loop. 

105T 

7 

27 

2164.2 

45.2 

1095 

3 591 

973.3 

218.8 

1137.9 

255.8 

I 

.141 

23.83 

24.59 

26.62 

30.33 

33.55 

36.28 

All stages occurred as planned. 

106T 

6 

28 

3552.7 

74.2 

5712 

18 Ho 

2079.5 

467,5 

2234.8 

502.4 

I 

.153 

29.49 

29.96 

35.33 

39.64 

40.87 

48.61 

All stages occurred as planned. 

107T 

8 

29 

4457.7 

93.1 

6136 

20 130 

2063.5 

463.9 

2218.3 

498.7 

I 

.153 

26.76 

27.25 

32.72 

36.92 

40.79 

42.16 

Line transfer on one side failed to occur 
because of broken wires on release 
mechanism. 


*These comments taken from reference 7. 
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Line attachment 
points 

bo = 1 .41 1|^ 



Suspension line attachment locations 


Keel 

Leading edge 

Trailing edge 

^k/lk 

X|e/lk 

Me/Ik 

0.125 

0.177 

0.153 

.209 

.333 

.306 

.243 

.500 

.459 

.334 

.667 

.612 

.417 

.833 


.500 

1.000 


.583 

.667 

.750 

.833 

.916 

l.OOO 




Figure i:- Flat-pattern details of the 7.315-tn (24-tt) keel length single-keel parawing model 



Suspension-line attachment locations 


Keel 

Leading edge 

Trailing edge 

>^k/lk 

^le/*k 

xte/lk 

0.267 

0.416 

0.153 

.333 

.549 

.306 

.400 

.683 

.459 

.467 

.816 


.533 

.949 


.600 

1.083 



.667 

.733 

.800 

.867 

.933 

1.000 


Figure 2.- Flat-pattern details of the 6.919-m (22.7-ft) keel length twin-keel parawing model. 
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Skirt band (trailing edge) 
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Figure 3.- Detail of canopy seam construction. 
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centimeters given in parentheses.) 



Panel-2,25 oz/yd2 (76.288g/m2) low permeability nylon cloth 



o 

•*- H 
•o t'- 

to 

a .. 

</> h- 
« CVJ 

.5 O 


T3 

« iti 
(}) 


o 

O •*- 

2 ♦- 
♦ 


</) 
® c 
(1> 

o 

« 


CM 


20 


Figure 5.- Details of suspension-line attachment - tip. (Linear dimensions are given in inches with centimeters given in parentheses.! 













Figure 6.- Planform of single-keel parawing during deployment stages. 
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Figure 7.- Planforiti of twin-keel parawing during deployment stages 
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Attach loop ki 


1 st- stage lines 


2nd-.stage 
cutters 


2nd^stage lines passed outside 
reefing rings, and secured to 
suspension line attach loop. 


Strain link 
(if used) 



Used for 

tests I03S and I05S 


Used for 
test loss 


3rd'stage 

cutter 


Ist-stage 

cutter 


3 rd-stage 
reefing line 


Figure 9.- Schematic of single-keel parawing reefing-line arrangement for reefing version 
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2nd. stage line 


1st. and 2nd. stage 
lines spliced to 
ringand toeach 
other. 


2nd. stage 
cutters 



sed 


3rd. stage 
cutter 


1st. stage 
cutter 


3nd. stage 
reefing line 


Figure 10.- Schematic of singie-keei parawing reefing-line arrangement for reefing version ili. 
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Suspension-line 
attachment point 
on parawing 




Figure 12.- Schematic showing suspension-line and riser assembly, external envelope of the bomb-type test vehicle, and the axis system 
used for a^, ay, and a^ data. Dimensions are given in inches with centimeters noted in parentheses. 
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9 

i 

I 

Parawing line 
stretch 



Parowing third 
stage disreef 


Touchdown 



- 




Programmer chute 
disconnected 


Programmer chute 
deployed 


Launch 

Two lanyard switches 
pulled by sta tic line 
to actuate circuits as 
follows: 



Parawing second 
stage disreef 


Flash bulb ignites 
to mark time 0 for 
cameras andAskania 

On board camera 
starts 

Timer actua ted 
for programmer 
disconnect 

Timer actuated for 
line transfer 



Parawing 
steady state 
descent 


Figure 13.- Sequence of parawing test events. 
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(a) Individual suspension-line loads Fnei, ^ 1 ^ 3 , Fj^j, and Fyg against time from line stretch. Time = 0 second corresponds to 27.75 seconds after launch. 

Figure 14.- Time history of single-keel parawing deployment data for test lOOS. Wp= 937.9 N (210.8 lb); Wg = 793.4 N (178.4 lb); Ppp = 1723.7 N/m2 (36.0 lb/f(2); 

hpQ = 4082 m (13 394 ft); lr/l|( = 0.120; reefing version III. 





(b) Individual susoension-line loads F, . F, Fiipo plotted against time from line stretch. Time = 0 second corresponds to 27.75 seconds after launch. 
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(c) Individual reefing-line loads Fjp p 2 ^, and plotted against time from line stretch. Time = 0 second corresponds to 27.75 seconds after launch, 

Figure 14.- Continued. 
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(e) Total force coefficient Cp t and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 27.75 seconds after launch. 

Figure 14.- Continued. 
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(f) Individual suspension-line loads F^ei, hy ^^ 5 , and Fmg plotted against time from first-stage disreef. Time = 0 second corresponds to 30.25 seconds after launch. 

Figure 14.- Continued. 




(gl Individual suspension-line loads pLiei, FLIefr *^LIe3 against time from first-stage disreef. Time = 0 second corresponds to 30.25 seconds after launch, 

Figure 14.- Continued. 
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(h) Individual reefing-line loads Fi^, p 2 p and F 3 P plotted against time from first-stage disreef. Time = 0 second corresponds to 30.25 seconds after launch. 

Figure 14.- Continued. 















39 


(k) Individual suspension:line loads Fugj, F|^ 3 , Fi^j, and Fi^ig plotted against time from second-stage disreef. Time = 0 second corresponds to 32.96 seconds after launch. 

Figure 14.- Continued. 
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(I) Individual suspension-line loads Fyei, pLieg, and FLie 3 plotted against time from second-stage disreef. Time = 0 second corresponds to 32.96 seconds after iaunch. 

Figure 14.- Continued. 
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(m) Individual reefing-line loads Fj^, p 2 p and plotted against time from second-stage disreef. Time = 0 second corresponds to 32.96 seconds after launch. 

Figure 14.- Continued. 
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Time from second-stage disreef, sec 
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(q) Individual suspension-line loads FL|gi, pLigj, and Fyg 3 plotted against time from third-stage disreef. Time = 0 second corresponds to 36.48 seconds after launch. 
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Time from third-stage disreef, sec 
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(l) Total-force coefficient Ci 
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(u) Individual suspension-line loads F^gj, Fk 3 , Fkj, and Fmo plotted against time from line transfer. Time = 0 second corresponds to 39.27 seconds after launch. 

Figure 14.- Continued. 




Time from li 
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(w) Individual reefing-line loads Fir, p 2 r, and F 3 r plotted against time from line transfer. Time = 0 second corresponds to 39.27 seconds after launch. 

Figure 14.- Continued. 
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(y) Total force coefficient Cp j and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 39.27 seconds alter launch. 

Figure 14.- Continued. 




(z) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch 
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(a) Individual suspension-line loads F|(i 2 , FL|g 2 , FueS' '^kl Plotted against time from iine stretch. Time = 0 second corresponds to 27.13 seconds after launch. 

Figure 15.- Time history of single-keel parawing deployment data for test lOlS. Wp = 934.1 N (210.0 lb); Wp = 797.2 M (179.2 lb); Ppp = 1757.2 N/m2 (36.7 Ib/ft2); 

hpp = 4075 m (13 370 ft); = 0.116; reefing version ill. 
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(b) Individual suspension-line loads Fi^y, pLigg, and pL|g 4 plotted against time from line stretch. Time = 0 second corresponds to 27.13 seconds after launch. 

Figure 15.- Continued. 
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(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds to 27.13 seconds after launch. 
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(e) Total force coefficient Cp_t and dynamic pressure q plotted against time from iine stretch. Time = 0 second corresponds to 27.13 seconds after launch. 

Figure 15.- Continued. 
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(f) Individual suspension-line loads F|(i 2 , FL|g 2 , Fue 3 . and F|<i plotted against time from first-stage disreef. Time = 0 second corresponds to 29.69 seconds after launch. 

Figure 15.- Continued. 
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(g) Individual suspension-line loads pLig^, and FL|e 4 plotted against time from first-stage disreef. Time = 0 second corresponds to 29.69 seconds after launch. 

Figure 15.- Continued. 
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(h) Accelerations ax, a„, and a^ plotted against time from first-stage disreef. Time = 0 second corresponds to 29.69 seconds after launch. 
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(i) Total force plotted against time from first-stage disreef. Time = 0 second corresponds to 29.69 seconds after launch. 
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(j) Total force coefficient Cp| and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 29.69 seconds after launch. 

Figure 15.- Continued. 
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(I) IndividusI suspBnsion-linB loads F[( 7 , ^"|_ie6' ^Lle4 against timo from second-stago disreef. Time 0 second corresponds to 32.57 seconds after launch. 

Figure 15.- Continued. 





(m) Accelerations ay, and a^ plotted against time from second-stage disreef. Time = 0 second corresponds to 32,57 seconds after iaunch. 

Figure 15.- Continued. 
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Time from second-stage disreef, sec 
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(p) Individual suspension-line ioads F|<i 2 , Fue2> ^LteB. and F|a plotted against time from third-stage disreef. Time = 0 second corresponds to 36.26 seconds after launch. 

Figure 15.- Continued. 
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(r) Accelerations a^, ay, and az plotted against time from third-stage disreef. Time = 0 second corresponds to 36.26 seconds after launch. 
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(s) Total force F( plotted against time from third-stage disreef. Time = 0 second corresponds to 36.26 seconds after iaunch. 
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(t) Total force coefficient Cp| and dynamic pressure q plotted against time from third-stage disreef. Time = 0 second corresponds to 36.26 seconds after launch. 
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(u) Individual suspension-line loads F|d 2 , FL|g 2 , FueS- Plotted against time from line transfer. Time = 0 second corresponds to 38.94 seconds after launch. 

Figure 15.- Continued. 
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(v) Individual suspension-line loads F|( 7 , Fygj, and Fye 4 plotted against time from line transfer. Time = 0 second corresponds to 38.94 seconds after launch. 

Figure 15.- Continued. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 38.94 seconds after launch. 

Figure 15.- Continued. 
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(y) Total force coefficient Cp( and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 38.94 seconds after launch. 

Figure 15.- Continued. 








(z) Flight-path angle y, dynamic pressure q, and velocity V, and altitude h plotted against time from launch 
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(a) Individual suspension-line loads Fues, F|^j 2 , F|^i, and Fy^j plotted against time from line stretch. Time = 0 second corresponds to 28.09 seconds after launch. 

Figure 16.- Time history of single-keel parawing deployment data for test 102S. Wp = 1144.1 N (257.2 lb); Wp = 1007.5 N (226.5 lb); qpp = 1584.8 N/m^ (33.1 lb); 

hpp = 1004 m (3294 ft); ~ ^-156; reefing version II. 
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(c) Accelerations ax, ay, and plotted against time from line stretch. Time = 0 second corresponds to 28.09 seconds after launch. 
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(e) Total force coefficient Cp_t and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 28.09 seconds after launch. 

Figure 16.- Continued. 
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(f) Individual suspension-line loads Fne3< ^kl2’ *^kl- ^^d Fyed plotted against time from first-stage disreef. Time = 0 second corresponds to 30.66 seconds after iaunch. 

Figure 16.- Continued. 
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(g) Individual suspeniion-line loads FL|g 2 , F|^ 7 , and FL|g 4 plotted against time from first-stage disreef. Time = 0 second corresponds to 30.66 seconds after launch. 

Figure 16.- Continued. 
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(h) Accelerations ax, ay, and a^ plotted against time from first-stage disreef. Time = 0 second corresponds to 30.66 seconds after launcn. 
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(i) Total force Fj plotted against time from first-stage disreef. Time = 0 second corresponds to 30.66 seconds after launch. 

Figure 16.- Continued. 
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(j) Total force coefficient Cp^ and dynamic pressure 
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(I) Individual suspension-line loads Fyg 2 > F|( 7 , and FL|g 4 plotted against time from second-stage disreef. Time = 0 second corresponds to 33.96 seconds after launch. 

Figure 16.- Continued. 
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(m) Accelerations a^, aw, and a^ plotted against time from second-stage disreef. Time = 0 second corresponds to 33.96 seconds after launch. 
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(o) Total force coefficient Cpj and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 33.96 seconds after launch. 

Figure 16.- Continued. 
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(p) Individual suspension-line loads FyeS- ''kl2< Fri- ''Lle6 Plowed against time from third-stage disreef. Time = 0 second corresponds to 37.18 seconds after launch. 

Figure 16.- Continued. 
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(s) Tefal force Fj plotted against time from third-stage disreef. Time = 0 second corresponds to 37.18 seconds after launch. 

Figure 16.- Continued. 
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(t) Total force coefficient Cp-j 
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(u) Individual suspension-line loads F^j, and F^^,gg plotted against time from line transfer. Time = 0 second corresponds to 39.45 seconds after launch 

Figure 16.- Continued. 
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(v) Individual suspension-line loads Fyg2- Fk?- ^^Lled PloW^I against time from line transfer. Time = 0 second corresponds to 39.45 seconds after launch. 

Figure 16.- Continued. 
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(w) Accelerations ax, ay, and az plotted against time from line transfer. Time = 0 second corresponds to 39.45 seconds after launch. 
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(X) Total force Fj plotted against time from line transfer. Time = 0 second corresponds to 39.45 seconds after launch. 
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(y) Total force coefficient Cp j and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 39.45 seconds after launch. 
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(al Individual suspension-line ioads Fyei, F|( 3 , F|< 5 , and F|(jo plotted against time from line stretch. Time = 0 second corresponds to 24.92 seconds after launch. 

Figure 17.- Time history of single-keel parawing deployment data for test 1035. Wp = 1I12.I N (250.0 lb); Wp = 971.4 N (218.5 lb); Qpp = 2183.3 N/m2 (45.6 Ib/ft2); 

hpp = 931 m (3055 ft); Ir/h ~ reefing version II. 
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(b) Individual suspension-line loads Fyei, Fj^igg, and Ff^ig^ plotted against time from line stretch. Time = 0 second corresponds to 24.92 seconds after launch. 
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(d) Total force F, plotted against time from line stretch. Time = 0 second corresponds to 24.92 seconds after iaunch. 
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(e) Total force coefficient ^ and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 24.92 seconds after launch. 

Figure 17.- Continued. 
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(f) Individual suspension-line loads F^ei, Fk5. and F|do plotted against time from first-stage disreef. Time = 0 second corresponds to 27.47 seconds after launch. 

Figure 17.- Continued. 
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(g) Individual suspension-line loads pLiei- FUefr ^^d FL|g 3 plotted against time from' first-stage disreef. Time = 0 second corresponds to 27.47 seconds after launch. 
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(j) Total force coefficient Cpi 
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(I) Individual suspension-line loads F^igj, FLiefr and FyeS Plotted against lime from second-stage disreef. Time = 0 second corresponds to 30.34 seconds after launch. 

Figure 17,- Continued. 
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(m) Individual reefing-line loads, P 2 p and Fip and acceleration az plotted against time from second-stage disreef. Time = 0 second corresponds to 30.34 seconds after launch. 

Figure 17.- Continued. 
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Time from second-stage disreef, sec 
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(o) Total force coefficient Cp^t and dynamic pressure q plotted 
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Time from third-stage disreef, sec 



1000 



^H/qf b ‘9jnss9Jd opeuAq 




I'jQ ‘1U9PUJ903 93J0J IBjOi 


gUi/N ‘b ‘9jnss9Jd o.iuibuAq 


126 


(t) Total force coefficient Cp( 
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(v) Imlividual suspension-line loads F|^|gj, Fye 5 , and FL|g 3 plotted against time from line transfer. Time = 0 second corresponds to 36.71 seconds after launch. 

Figure 17.- Continued. 
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(X) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 36.71 seconds after launch. 

Figure 17.- Continued. 
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(a) Individual suspension-line loads Fyed. ^LteS. FUeZ. and Fki plotted against time from line stretch. Time = 0 second corresponds to 11.10 seconds after launch. 

Figure 18.- Time history of single-keel parawing deployment data for lest 104S. Wp = 1124.5 N (252.8 lb); Wp = 983.1 N (221.0 lb); qpp = 2355.7 (49.2 )b/f(2); 

hpp = 986 m (3236 ft); Ip/lk = 0-201; reefing version I. 











E. 

o 

a? 

E 


O CD O CD 

O CD O 

cr\ cvj «— < 


N 


S S O O S CD 

2 o o o ^ 

^ ^ fO CM •— • 


CD 

o 

IT\ 


o 

o 


N ‘t73l1j 


o 

o 

CM 


O CD O O o 

0^000 
I— i «—« CM CO 


N 


134 


(b) Individual suspension-line ioads FL|g 4 , and F|(j 2 plotted against time from line stretch. Time = 0 second corresponds to 11.10 seconds after launch. 

Figure 18.- Continued. 
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(e) Total force coefficient Cp^ and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 11.10 seconds after launch. 

Figure 18.- Continued. 

















Figures 18(f), 18(g), 18(h), I8(i), and I8(j) were omitted; second-stage 
disreef did not occur because of a reefing line hang up. The wing 
went directly from the first-stage configuration to the third-stage 
configuration. 
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(I) Individual suspension-line loads FLie 4 . and F |<22 plotted against time from second-stage disreef. Time = 0 second corresponds to 16.45 seconds after launch. 

Figure 18.- Continued. 
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(m) Accelerations ay, a^, and a^ plotted against time from second-stage disreef. Time = 0 second corresponds to 16.45 seconds after launch. 

Figure 18.- Continued. 






7000 


CSJ 





o 



c 



o 

o 

o 

o 

o 

<z? 

CD 

o 

s 

o 

o 

o 

vO 

o 

LTV 

o 

o 

cn 


s 


|\1 ‘tj ‘aojoj |BPi 


142 


Time from second-stage disreef, sec 


















































Time from th 












































































7000 


CNJ 



q| ‘aojo) |B)oi 



N '-tj ‘aojoj lepi 


147 


Time from third-stage disreef, sec 
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(t) Total force coefficient 
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(v) Individual suspension-line loads Fyed. and F|(i 2 plotted against time from line transfer. Time = 0 second corresponds to 22.85 seconds after launch. 
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(w) Accelerations ay, a^, and a^ plotted against time from line transfer. Time = 0 second corresponds to 22.85 seconds after launch. 
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(x) Total force Ft plotted against time from iine transfer. Time = 0 second corresponds to 22.85 seconds after launch. 















































(z) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch 
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(b) Individual suspension-line loads Fyei- FLIe6> FlibS plotted against time from line stretch. Time = 0 second corresponds to 24.86 seconds after launch. 
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(c) Individual reefing-line loads F^i-, p 2 r, and P 2 r plotted against time from line stretch. Time = 0 second corresponds to 24.86 seconds after launch 













(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds to 24.86 seconds after launch. 
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(e) Total force coefficient Cpj and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 24.86 seconds after launch. 

Figure 19.- Continued. 
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(f) Individual suspension-line loads Fugj, F|( 5 , and F|do plotted against lime from first-stage disreef. Time = 0 second corresponds to 26.98 seconds after launch. 
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(g) Individual suspension-line loads Fyel. Fuefi, and FLie3 plotted against time from first-stage disreef. Time = 0 second corresponds to 26.98 seconds after launch. 

























measured 



(h) Individual reefing-line loads F, and F 2 plotted against time from first-stage disreef. Time = 0 second corresponds to 26.98 seconds after launch, 
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(j) Total force coefficient Cp t and dynamic pressure q plotted against time from iirst-stage disreef. Time = 0 second corresponds to 26.98 seconds after launch. 

Figure 19.- Continued. 
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(k) Individual suspension-line loads Fuel- F|< 3 , F|^ 5 , and Fkio plotted against time from second-stage disreef. Time = 0 second corresponds to 29.93 seconds after launch. 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 
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(o) Total force coefficient Cp ^ and dynamic pressure q plotted against time from second-staoe disreef. Time = 0 second corresponds to 29.93 seconds after launch. 

Figure 19.- Continued. 
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(p) Individual suspension-line loads F|( 3 , F|^ 5 , and F|^ig plotted against tiiiie from third-stage disreef. Time = 0 second corresponds to 34.39 seconds after launch. 

Figure 19.- Continued. 










(q) Individual suspension-line loads F|_iei, Fyefr and FLie3 plotted against time from third-stage disreef. Time = 0 second corresponds to 34.39 seconds after launch 
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(r) Individual reefing-line loads F. and F„ plotted against time from third-stage disreef. Time = 0 second corresponds to 34.39 seconds after launch 












(s) Total force F( plotted against time from third-stage disreef. Time = 0 second corresponds to 34.39 seconds after launch. 
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(f) Total force coefficient Cp_t and dynamic pressure q plotted against time from third-stage disreef. Time = 0 second corresponds to 34.39 seconds after launch, 

Figure 19.- Continued. 
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(u) Individual suspension-line loads F^tel- *^k5> ^nd F|(io plotted against time from line transfer. Time = 0 second corresponds to 36.67 seconds after launch. 
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(v) Individual suspension-line loads Pygi, F^gg, and FL|g 3 plotted against time from line transfer. Time = 0 second corresponds to 36.67 seconds after launch. 

Figure 19.- Continued. 


























measured 


















1 






1 : 



' ; 






it'' 


• 

- 

_J , , 

- 

- 

■ 

-4- H 

. i i 

F' 




. 



T - I- 


... ,j .■ . 

. 




- 1 } ^ T”' 

r 

cn 

1 - c ;j. 

- Oi p 

. 

03 “ 

o 

OJ 

• c 

• o 

X3 

<U 


: 

VJ 

■ 

03 

■ S 





■ -3 


4 X 1 : 

r 



,.rri 


j.,:i 




















! i ! 


-i , r 


•i i T- 








1 . 



i ! 



1 i 



; > 

TJ 


1 1 

U.IITJ 

LlX. Ll 

nHBHMI 







(w) Individual reefing-line loads F,^ and F 2 ^ plotted against time from iine transfer. Time = 0 second corresponds to 36.67 seconds after launch 
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(x) Total force Fj plotted against time from line transfer. Time = 0 second corresponds to 36.67 seconds after iaunch. 
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(y) Total force coefficient Cpt and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 36.67 seconds after launch. 

Figure 19.- Continued. 




























(a) Individual suspension-line loads FyeS' ^^kl2- FlIoZ. F^i plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after launch. 

Figure 20.- Time history of single-keel parawing deployment data for test 106S. Wq = 2225.4 N (500.3 lb); Wp = 2(B8.4 N (469.5 lb); Ppp = 3786.2 N/m^ (78.7 Ib/ft2) 

hpQ = 5778 m (18 956 ft); Ir/lj; = 0.116, reefing version II. 
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(c) Accelerations ax, ay, and a^ plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after iaunch. 

Figure 20.- Continued. 
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(e) Total force coefficient Cpt and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after launch. 

Figure 20.- Continued. 
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(g) Individual suspension-line loads FLie4, Fyeg, and F|(7 plotted agaii 
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Time from first-stage disreef, sec 
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(j) Total force coefficient Cp( and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after iaunch. 

Figure 20.- Continued. 
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(k) Individual suspension-line loads Fne3. F|(i2, FLie2. and F|d plotted against time from second-stage disreef. Time = 0 second corresponds to 40.06 seconds after launch. 
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(I) Individual suspension-line loads FLie4. Filed- ^^d plotted against time from second-stage disreef. Time = 0 second corresponds to 40.06 seconds after launch. 

Figure 20.- Continued. 



ax^g units ay,g units az,ig units 



Time from second-stage disreef, sec 

(m) Accelerations a^, ay, and 82 plotted against time from second-stage disreef. Time = 0 second corresponds to 40.06 seconds after launch. 

Figure 20.- Continued. 
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(n) Total force Ff plotted against time from second-stage disreef. Time = 0 second corresponds to 40.06 seconds after launch. 
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(o) Total force coefficient Cpt and dynamic pressure q plotted against time from secrnd-stage disreef. Time = 0 second corresponds to 40.06 seconds after launch. 

Figure 20.- Continued. 
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(r) Accelerations ax, ay, and a^ plotted against time from third-stage disreef. Time = 0 second corresponds to 41.39 seconds after launch. 
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(t) Total force coefficient Cp t and dynamic pressure q piotted against time from 

Figure 20.- 














(V) Individual suspension-line loads Fyed- FUefe and Fky plotted against time »rom line transfer. Time = 0 second corresponds to 44.85 seconds after launch. 

Figure 20.- Continued. 
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(y) Total force coefficient Cp_t and dynamic pressure q plotted 
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(b) Individual suspension-line loads Fm 2 and FLie2 plotted against time from line stretch. Time = 0 second corresponds to 27.44 seconds after launch. 

Figure 21.- Continued. 
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(e) Total force coefficient Cpj and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 27.44 seconds after faunch. 

Figure 21.- Continued. 
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Figure 21.- Continued. 
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(h) Accelerations ax, ay, and a^ plotted against time from first-stage disreef. Time = 0 second corresponds to 32.71 seconds after iaunch. 
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(i) Total force Ft plotted against time from first-stage disreef. Time = 0 second corresponds to 32.71 seconds after launch. 
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(j) Total force coefficient Cp 
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(I) Individual suspension-line loads F|^i2 FUe2 plotted against time from second-stage disreef. Time = 0 second corresponds to 36.18 seconds after launch. 

Figure 21.- Continued. 
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Time from second-stage disreef, sec 
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(o) Total force coefficient and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 36.18 seconds after launch. 

Figure 21.- Continued. 
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Time from third-stage disreef, sec 
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(t) Total force coefficient Cpj 






after launch. 
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(w) Accelerations ax, ay, and a^ plotted against time from line transfer. Time = 0 second corresponds to 42.42 seconds after launch. 
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(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds at 27.26 seconds after launch. 
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(e) Total force coefficient and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 27.26 seconds after launch. 

Figure 22.- Continued. 
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(f) Individual suspension-line loads Fyg 2 , and plotted against time from first-stage disreef. Time = 0 second corresponds to 29.64 seconds after launch. 

Figure 22.- Continued. 
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(h) Individual reefing-line loads Flp, Fr^ plotted against time from first-stage disreef. Time = 0 second corresponds to 29.64 seconds after launch. 
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(j) Total force coefficient Cpj and dynamic pressure q plotted against time from first-stage disxeef. Time -0 second corresponds to 29.64 seconds after launch. 

Figure 22.- Continued. 
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(k) Individual suspension-line ioads Fli^ 9 , Fne 2 . and Fl |^3 piotted against time from second-stage disreef. Time = 0 second corresponds to 32.61 seconds after launch. 

Figure 22.- Continued. 
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(I) Individual suspension-line loads Fng 2 , FLie 4 , and Fneg plotted against time from second-stage disreef. Time = 0 second corresponds to -32.61 seconds after launch. 
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(o) Total force coefficient Cp t and dynamic pressure q piotted against time from second-stage disreef. Time = 0 second corresponds to 32.61 seconds after iaunch. 

Figure 22.- Continued. 
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(p) Individual suspension-line loads F|_|^g, pLj^g, Fng 2 , and F|_|j 3 plotted against time from third-stage disreef. Time = 0 second corresponds to 36.17 seconds after launch. 

Figure 22.- Continued. 
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(t) Total force coefficient Cp^ and dynamic pressure 
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(u) Individual suspension-line loads Ftte2> ^nd F^^S plotted against time from line transfer. Time - 0 second corresponds to 39.13 seconds after launcfi. 

Figure 22.- Continued. 
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(v) Individual suspension-line loads Fi_|e 2 , FLIed- ^Lle6 plotted against time from line transfer. Time = 0 second corresponds to 39.13 seconds after launch. 

Figure 22.- Continued. 
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(X) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 39.13 seconds after launch. 
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(a) Individual suspension-iine loads F|_|<i, F^gj, F^eS. and FL|g 3 plotted against time from line stretch. Time = 0 second corresponds to 26.86 seconds after launch. 

Figure 23.- Time history of twin-keel parawing deployment data for test lOlT. Wp = 953.7 N (214.4 lb); Wp = 798.7 N (179.6 lb); Ppp = 1747.6 N/m^ (36.5 Ib/ft2); 

hpQ = 4(B7 m (13 245 ft); lr/t|( = 0.156; reefing version I. 
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(b) Individual suspension-line loads Fyei- F|j(12- ^^d pLigg plotted against time from line stretch. Time = 0 second corresponds to 26.86' seconds after launch. 
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(c) Accelerations a^, ay, and a^ plotted against time from line stretch. Time = 0 second corresponds to 26.86 seconds after launch. 
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(d) Total force F. plotted against time from line stretch. Time = 0 second corresponds to 26.86 seconds after launch. 
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(e) Total force coefficient Cp t and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 26.86 seconds after launch. 

Figure 23.- Continued. 
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(f) individual suspension-line toads Fugj, F|_|e 5 , and FL|g 3 plotted against time from first-stage disreef. Time = 0 second corresponds to 29.61 seconds after launch. 

Figure 23.- Continued. 
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'g) Individual suspension-line loads Fyei. FlI< 12> ^nd pLieg plotted against time from first-stage disreef. Time = 0 second corresponds to 29.61 seconds after launch. 
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(h) Accelerations a^, ay, and ax plotted against time from first-stage disreef. Time = 0 second corresponds to 29.61 seconds after launch. 
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(i) Total force Fj plotted against time from first-stage disreef. Time = 0 second corresponds to 29.61 seconds after launch. 

Figure 23.- Continued. 
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(j) Total force coefficient and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 29.61 seconds after launch. 

Figure 23.- Continued. 
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(k) Individual suspension-line loads F|_(gj, pLigj, and FLig 3 plotted against time from second-stage disreef. Time = 0 second corresponds to 32.34 seconds after launch. 

Figure 23.- Continued. 
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Time from second-stage disreef, sec 
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(m) Accelerations az, ay, and ax plotted against time from second-stage disreef. Time = 0 second corresponds to 32.34 seconds after iaunch. 
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Time from second-stage disreef, sec 
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( 0 ) Total force coefficient and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 32.34 seconds after launch. 

Figure 23.- Continued. 
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Time from third-stage disreef, sec 
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Time from third-stage disreef, sec 




syun 6 ‘^e 


sjmn 6 ‘^e 


s}jun 6‘Ze 


276 


(r) Accelerations Sj’ 3'^’^ ®x P'ott6<i against time from third-stage disreef. Time = 0 second corresponds to 36.79 seconds after launch. 
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(s) Total force Ft plotted against time from third-stage disreef. Time = 0 second corresponds to 36.79 seconds after launch. 
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Time-fromttiird-stage disreef, sec 
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(u) Individual suspension-line loads Fli^j, Fuel. Fue 5 . ^nd FLie 3 plotted against time from line transfer. Time = 0 second corresponds to 38.97 seconds after launch. 
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(v) Individual suspension-line loads Fyel’ FLkl2- ^nd FLie6 plotted against time from line transfer. Time = 0 second corresponds to 38.97 seconds after launch. 

Figure 23.- Continued. 
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(w) Accelerations a^, ay, and ay plotted against time from line transfer. Time = 0 second corresponds to 38.97 seconds after launch. 

Figure 23.- Continued. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 38.97 seconds after launch. 

Figure 23.- Continued. 
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(y) Total force coefficient Cp ( and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 38.97 seconds after launch. 

Figure 23.- Continued. 




(z) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch 
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(a) Individual suspension-line loads Fyei. FlIoS- Ftkl- and F|_|e 6 Plotted against time from line stretch. Time = 0 second corresponds to 28.03 seconds after launch. 

Figure 24.- Time history of twin-keel parawing deployment data for test 102T. W 0 = 1130.7 N (254.2 lb); Wp = 975.5 N (219.3 lb); Ppp = 1718.1 N/m2 (37.2 Ib/ft2). 

hp 0 = 1222 m (4010 ft); = 0.219; reefing version II. 
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(c) Accelerations a^, ay, and ax plotted against time from line stretch. Time = 0 second corresponds to 28.03 seconds after launch. 
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(d) Total force F. plotted against time from line stretch. Time = 0 second corresponds to 28.03 seconds after launch. 
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(e) Total force coefficient Cpt and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 28.03 seconds after launch. 

Figure 24.- Continued. 
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(f) Individual suspension-line loads Fygi, FyeS, FLkl- ^nd Fi_|eg plotted against time from first-stage disreef. Time = 0 second corresponds to 31.31 seconds after launch. 

Figure 24.- Continued. 
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(h) Accelerations a^, ay, and plotted against time from first-stage disreef. Time = 0 second corresponds to 31.31 seconds after launch. 
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(i) Total force F( plotted against time from first-stage disreef. Time = 0 second corresponds to 31.31 seconds after launch. 
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(j) Total force coefficient Cp_j and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 31.31 seconds after launch. 

Figure 24.- Continued. 
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Time from second-stage disreef, sec 
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(I) Individual suspension-line loads Fl|( 7 , and Fye3 plotted against time from second-stage disreef. Time = 0 second corresponds to 33.30 seconds after launch. 

Figure 24.- Continued. 
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(m) Accelerations a^, ay, and a^ plotted against time from second-stage disreef. Time = 0 second corresponds to 33.30 seconds after launch. 
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(o) Total force coefficient Cp,t and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 33.30 seconds after launch. 

Figure 24.- Continued. 
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(r) Accelerations a^, ay, and plotted against time from third-stage disreef. Time = 0 second corresponds to 36.36 seconds after launch. 
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(t) Total force coefficient Cp_t and dynamic pressure q plotted against time from third-stage disreef. Time = 0 second corresponds to 36.36 seconds after iaunch. 
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(u) Individual suspension-line loads pLigj, FL|e 5 , F^id, and Fyed plotted against time from line transfer. Time = 0 second corresponds to 37.38 seconds after launch. 

Figure 24.- Continued. 
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(v) Individual suspension-line loads Fy( 7 , F|_|^j2> I^LIe3 Plotted against time from line transfer. Time = 0 second corresponds to 37.38 seconds after launch. 

Figure 24.- Continued. 
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(w) Accelerations az, ay, and ax plotted against time from line transfer. Time = 0 second corresponds to 37.38 seconds after iaunch. 
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(x) Total force F( plotted against time from line transfer. Time = 0 second corresponds to 37.38 seconds after launch. 
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(y) Total force coefficient Cp j and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 37.38 seconds after launch. 

Figure 24.- Continued. 
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Iz) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch 
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(a) Individual suspension-line loads Fl|^ 3 , Fli^ 9 , Fli^j, and FL|g 4 plotted against time from line stretch. Time = 0 second corresponds to 24.85 seconds after launch. 

Figure 25.- Time history of twin-keel parawing deployment data for test 103T. Wp = 1129.9 N (254.0 lb); Wp = 976.6 N (219.6 lb); Ppp = 2183.3 N/m^ (45.6 Ib/ft2). 

hpp = 997.0 m (3272 ft); lr/l|( = 0.167; reefing version I. 
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(b) Individual suspension-line loads Fue2' Fue6 P’®**®'* apainst time from line stretch. Time = 0 second corresponds to 24.85 seconds after launch. 

Figure 25.- Continued. 
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(0 Individual reefing-line loads Fcp Fl^ and FRr P'otted against time from line stretch. Time = 0 second corresponds to 24.85, seconds after launch. 
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(d) Total force Fj plotted against time from line stretch. Time = 0 second corresponds to 24.85 seconds after launch. 

Figure 25.- Continued. 
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(e) Total force coefficient Cp ^ and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 24.85 seconds after launch. 

Figure 25.- Continued. 
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(f) Individual suspension-line loads Fl|( 3 , Fl|< 9 , Fu^g, and Fyed P'o^ed apainst time from first-stage disreef. Time = 0 second corresponds to 27.09 seconds after launch. 

Figure 25.- Continued. 
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(g) Individual suspension-line ioads F|_|e2. ^Lte2- ^nd F|_|e6 piotted against time from first-stage disreef. Time = 0 second corresponds to 27.09 seconds after launch. 
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(h) Individual reefing-line loads Fq^, Flp and Fp,. plotted against time from first-stage disreef. Time = 0 second corresponds to 27.09 seconds after launch. 

Figure 25.- Continued. 
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(i) Total force plotted against time from first-stage disreef. Time = 0 second corresponds to 27.09 seconds after launch. 

Figure 25.- Continued. 
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(j) Total force coefficient Cpt and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 27.09 seconds after iaunch. 

Figure 25.- Continued. 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 
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(n) Total force Ft plotted against time from second-stage disreef. Time = 0 second corresponds to 30.51 seconds after launch. 
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(o) Total force coefficient Cpj and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 30.51 seconds after iaunch. 

Figure 25.- Continued. 
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(q) Individual suspension-line ioads FLie2- FLte2- ^nd F^ee Plotted against time from third-stage disreef. Time = 0 second corresponds to 33.70 seconds after launch. 

Figure 25.- Continued. 
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(s) Total force Fj plotted against time from third-stage disreef. Time = 0 second corresponds to 33.70 seconds after iaunch. 
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(t) Total force coefficient Cp j and dynamic pressure q piotted against time from third-stage disreef. Time = 0 second corresponds to 33.70 seconds after launch. 

Figure 25.- Continued. 
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(u) Individual suspension-line loads Fli^ 3 , F|_|^ 9 , Fli^j, and Flb 4 plotted against time from line transfer. Time = 0 second corresponds to 42.49 seconds after launch. 

Figure 25.- Continued. 
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(v) Individual suspension-line loads Fyg 2 , Fne2- and Fye6 plotted against time from line transfer. Time = 0 second corresponds to 42.49 seconds after launch. 

Figure 25.- Continued. 
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(w) Individual reefing-line loads Fi_p 3'^'' plotted against time from line transfer. Time = 0 second corresponds to 42.49 seconds after launch. 

Figure 25.- Continued. 
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(y) Total force coefficient Cpj and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 42.49 seconds after launch. 

Figure 25.- Continued. 
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(a) Individual suspension-line loads Fygj, Fj^igj, and Fij;i2 Plotted against time from line stretch. Time = 0 second corresponds to 24.70 seconds after launch. 

Figure 26.- Time history of twin-keel parawing deployment data for test 104T. Wp = 1130.7 N (254.2 lb); Wp = 967.0 N (217.4 lb); ppp = 2700.4 N/m2 (56.4 Ib/ft2); 

hpp = 864 m (2835 ft); = 0.219; reefing version II. 
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(b) Individual suspension-line loads F^i^y, FLie 3 , and F|_ie6 plotted against time from line stretch. Time = 0 second corresponds to 24.70 seconds after launch. 

Figure 26.- Continued. 
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(c) Accelerations a^, ay, and a^ plotted against time from line stretch. Time = 0 second corresponds to 24.70 seconds after launch. 
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(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds to 24.70 seconds after launch. 



CVJ 



o 


jiu/N ‘b ‘3jnss0jd ojuiBuAQ 


341 


(e) Total force coefficient Cp( and dynamic pressure q piotted against time from line stretch. Time = 0 second corresponds to 24.70 seconds after launch. 

Figure 26.- Continued. 
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(f) Individual suspension-line loads Fyel- fue5’ and FLU 2 plotted against time from first-stage disreef. Time = 0 second corresponds to 26.17 seconds after launch. 
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(g) Individual suspension-line loads FL|g 3 , and Fyeg plotted against time from first-stage disreef. Time = 0 second corresponds to 26.17 seconds after launch. 

Figure 26.- Continued. 
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(h) Accelerations a^, ay, and a^ plotted against time from first-stage disreef. Time = 0 second corresponds to 26.17 seconds after launch. 
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(i) Total force Fj plotted against time from first-stage disreef. Time = 0 second corresponds to 26.17 seconds after launch. 
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(j) Total force coefficient and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 26,17 seconds after launch. 

Figure 26.- Continued. 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 
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(m) Accelerations a„, ay, and a^ plotted against time from second-stage disreef. Time = 0 second corresponds to 30.17 seconds after launch. 
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(o) Total force coefficient Cp t and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 30.17 seconds after launch. 

Figure 26.- Continued. 
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(p) Individual suspension-line ioads PLiej, Fyg 5 , and Fl (;12 plotted against time from third-stage disreef. Time = 0 second corresponds to 36.65 seconds after iaunch. 

Figure 26.- Continued. 
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(q) Individu.al suspension-line loads F^i^y, Fyg 3 , and Fygj plotted against time from third-stage disreef. Time = 0 second corresponds to 36.65 seconds after launch. 
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(r) Accelerations a^, ay, and a^ plotted against time from third-stage disreef. Time = 0 second corresponds to 36.65 seconds after launch. 
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(s) Total force F( plotted against time from third-stage disreef. Time = 0 second corresponds to 36.65 seconds after iaunch. 

Figure 26.- Continued. 
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Time from third-stage disreef, sec 






_ 






1X3 


Od 

c 


E 


qi ‘2TH1J 


qi ‘m 


qi 'S3|lj 


q| 'T^Hj 


o o o 

o o o 

m CM ■— ^ 


N 


H 'i>nj 


I I I I.. L L _ 1 -I _L J 


N 'sanj 


8 0 o o o 

o o o 

^ CM CM ^ 


I i I 


N ‘i^nj 


357 


(u) Individual suspension-line loads Fyei, F^gj, Fli^j, and Fli^i 2 Plotted against time from line transfer. Time = 0 second corresponds to 33.72 seconds after iaunch. 

Figure 26.- Continued. 
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(V) Individual suspension-line loads F^igj, and F^ee Plotted against time from line transfer. Time = 0 second corresponds to 33.72 seconds after iaunch. 

Figure 26.- Continued. 
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(w) Accelerations a^, ay, and az plotted against time from line transfer. Time = 0 second corresponds to 33.72 seconds after launch. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 33.72 seconds after launch. 
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(z) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch. PD occurs at 23.93 sec, 
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(a) Individual suspension-line loads F|_|( 3 , F|_|( 9 , F|_|^ 5 , and Fj^|g 4 plotted against time from line stretch. Time = 0 second corresponds to 24.59 seconds after launch. 

Figure 27.- Time history of twin-keel parawing deployment data for test KKT. Wp = 1137.9 N (255.8 lb); Wp = 973.3 N (218.8 lb); qpp = 2164.2 N/m^ (45.2 Ib/ft2); 

hpp = 1095 m (3591 ft); - 0.141; reefing version I. 
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(b) Individual suspension-line loads Fyg 2 , FLte2. and Flibj plotted against time from line stretch. Time = 0 second corresponds to 24.59 seconds after launch. 
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(c) Individual reefing-iine loads F^p Fl^- ^ter Plowed against time from line stretch. Time = 0 second corresponds to 24.59 seconds after launch. 

Figure 27.- Continued. 
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(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds to 24.59 seconds after iaunch. 
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(e) Total force coefficient Cp j and dynamic pressure q plotted against time from line stretch. Time = 0 second corresponds to 24.59 seconds after launch. 

Figure 27.- Continued. 
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(f) Individual suspension-line loads Fy( 3 , Fy^j, and FLie 4 plotted against time from first-stage disreef. Time = 0 second corresponds to 26.62 seconds after launch. 

Figure 27.- Continued. 
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(g) Individual suspension-line loads Fyg2> I^Lte^ *^1106 Plotted against time from first-stage disreef. Time = 0 second corresponds to 26.62 seconds after launch. 

Figure 27.- Continued. 
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(h) Individual reefing-line loads Fgp and Fjgr plotted against time from first-stage disreef. Time = 0 second corresponds to 26.62 seconds after launch. 

Figure 27.- Continued. 
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(]) Total force coefficient and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 26.62 seconds after iaunch. 

Figure 27.- Continued. 
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Time from seconcHtage disreef, sec 
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(I) Individual suspension-line loads F|^|g 2 , Fue2- *^LIe6> Plotted against time from second-stage disreef. Time = 0 second corresponds to 30.33 seconds after launch. 

Figure 27.- Continued. 
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(n) Total force Ft plotted against time from second-stage disreef. Time = 0 second corresponds to 30.33 seconds after launch. 

Figure 27.- Continued. 
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(o) Total force coefficient Cp^ and dynamic pressure q plotted against time from second-stage disreef. Time = 0 second corresponds to 30.33 seconds after launch. 

Figure 27.- Continued. 
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Time-from third-stage disreef, sec 
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Time from third-stage disreef, sec 
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(s) Total force Fj plotted against time from third-stage disreef. Time = 0 second corresponds to 33.55 seconds after launch. 

Figure 27.- Continued. 
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(t) Total force coefficient Cpt and dynamic pressure q plotted against time from third-stage disreef. Time = 0 second corresponds to 33.55 seconds after launch. 

Figure 27.- Continued. 
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(u) Individual suspension-line loads Fl|( 3 , Fli^p, Fl^^, and FLie 4 plotted against time from line transfer. Time = 0 second corresponds to 36.28 seconds after launch. 

Figure 27.- Continued. 
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(v) Individual suspension-line loads Fl|02i Fue2i ^nd FL|e6 plotted against time from line transfer. Time = 0 second corresponds to 36.28 seconds after launch. 

Figure 27.- Continued. 
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(w) Individual reefing-line loads Fqr. Flp ^^d F(er plotted against time from line transfer. Time = 0 second corresponds to 36.28 seconds after launch. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 36.28 seconds after launch. 
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(y) Total force coefficient Cp_ 
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Figure 28.- Time history of twin-keei parawing deployment data for test 106T. Wp = 2234.8 N (502.4 lb); Wp = 2079.5 N (467.5 lb); qpp - 3552.7 N/m^ (74.2 Ib/ft2); 

hpo = 5712 m (18 740 ft); Ir/lk = 0-153; reefing version I. 
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(b) Individual suspension-line ioads Fyei. FLkl2> a^d Fygg plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after launch. 

Figure 28.- Continued. 
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(c) Accelerations a^, ay, and ax plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after launch. 
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(d) Total force plotted against time from line stretch. Time = 0 second corresponds to 29.96 seconds after iaunch. 

Figure 28.- Continued. 
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(e) Total force coefficient Cpj and dynamic pressure q plotted against time from line stretch. Time - 0 second corresponds to 29.96 seconds after launch. 

Figure 28.- Continued. 
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(f) Individual suspension-line loads Fli<i> Fltel- ^LleS time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after launch. 

Figure 28.- Continued. 
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(g) Individual suspension-line ioads F|_|gi, Fl|{ 12. and F^gfi plotted against time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after iaunch. 
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(h) Accelerations a^, ay, and a^ plotted against time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after launch. 
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(I) Total force Ft plotted against time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after launch. 
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(j) Total force coefficient Cp ^ and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 35.33 seconds after launch. 

Figure 28.- Continued. 
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Time from seconcFstage disreef, sec 
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(I) Individual suspension-line loads Fuel. FLkl2- ^^d Fugg plotted against time from second-stage disreef. Time = 0 second corresponds to 39.64 seconds after launch. 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 
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Time from second-stage disreef, sec 





plotted against time from third-stage 
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(q) Individual suspension-line loads FlibI, F|_|( 12 , and Fyeg plotted against time from third-stage disreef. Time = 0 second corresponds to 40.87 seconds after launch. 

Figure 28.- Continued. 
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(s) Total force Ft plotted against time from third-stage disreef. Time = 0 second corresponds to 40.87 seconds after launch. 

Figure 28.- Continued. 
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(t) Total force coefficient CF,t and dynamic pressure q plotted against time from third-stage disreef. Time = 0 second corresponds to 40.87 seconds after iaunch. 

Figure 28.- Continued. 
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(v) Individual suspension-line loads pLiei, Fl|( 12 . and Fyed Plotted against time from line transfer. Time = 0 second corresponds to 48.61 seconds after iaunch. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 48.61 seconds after launch. 

Figure 28.- Continued. 
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(y) Total force coefficient Cpt and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 48.61 seconds after launch. 

Figure 28.- Continued. 
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(b) Individual suspension-iine loads FLigj, F|_|d2< ^nd F|_|gg plotted against time from line stretch. Time = 0 second corresponds to 27.25 seconds after launch. 

Figure 29.- Continued. 
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(c) Accelerations az, ay, and a^ plotted against time from line stretch. Time = 0 second corresponds to 27.25 seconds after launch. 
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(d) Total force Ft plotted against time from line stretch. Time = 0 second corresponds to 27.25 seconds after launch. 

Figure 29.- Continued. 
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(e) Total force coefficient Cp t and dynamic pressure q piotted against time from line stretch. Time = 0 second corresponds to 27.25 seconds after launch. 

Figure 29.- Continued. 
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(f) Individual suspension-line loads F|_|^i, Fuel- ®9d Fygj plotted against time from first-stage disreef. Time = 0 second corresponds to 32.72 seconds after launch. 

Figure 29.- Continued. 
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(g) Individual suspension-line ioads Fyel- FiklZ. and F[_|e6 plotted against time from first-stage disreef. Time = 0 second corresponds to 32.72 seconds after launch. 
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(h) Accelerations a^, ay, and ax plotted against time from first-stage disreef. Time = 0 second corresponds to 32.72 seconds after launch. 



7000 



423 


(i) Total force Ft plotted against time from first-stage disreef. Time = 0 second corresponds to 32.72 seconds after launch. 

Figure 29.- Continued. 
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(]) Total force coefficient Cp_| and dynamic pressure q plotted against time from first-stage disreef. Time = 0 second corresponds to 32.72 seconds after launch. 

Figure 29.- Continued. 
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ndividual suspension-line loads Fugj, and F|_|g 5 plotted against time from second-stage disreef. Time = 0 second corresponds to 36.92 seconds after launch. 
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Time from second-stage disreef, sec 
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(o) Total force coefficient Cp,t and dynamic pressure q plotted against 
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^Llel< FLkl2' ^nd Fygfi plotted against time from third-stage disreef. Time = 0 second corresponds to 40.79 seconds after launch. 
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(u) Individual suspension-line loads Fya, pLjel- PLIeS Plotted against time from line transfer. Time = 0 second corresponds to 42,16 seconds after launch. 

Figure 29.- Continued. 
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(V) Individual suspension-line loads Fyei, Flh 2 , and Fyed Plotted against time from line transfer. Time = 0 second corresponds to 42.16 seconds after launch. 

Figure 29.- Continued. 
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(x) Total force Ft plotted against time from line transfer. Time = 0 second corresponds to 42.16 seconds after launch. 

Figure 29.- Continued. 
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(y) Total force coefficient Cp_t and dynamic pressure q plotted against time from line transfer. Time = 0 second corresponds to 42.16 seconds after launch. 

Figure 29.- Continued. 
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NASA-Langley, 1971 
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L-7732 


(z) Flight-path angle y, dynamic pressure q, velocity V, and altitude h plotted against time from launch. 
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